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A sensor to detect the concn. of ruthenium tetraoxide where a quartz oscillator having an 
organic membrane (pref . polyethylene or rubber) on the electrode surface is used for 
detecting the concn. of the ruthenium tetraoxide in a sample environment. 

The ruthenium tetraoxide is reduced into ruthenium dioxide and deposited on the organic 
membrane on the electrode surface, the resulting weight increase is converted into the 
change of the resonance frequency of the quartz oscillator and the concn. of the 
ruthenium tetraoxide is detected. 

The sensor is esp. useful for detecting the concn. of ruthenium tetraoxide in a nitric 
acid aq. soln. or in a vapour phase in an atomic fuel reprocessing plant. 

Two quartz oscillators having an organic membrane on the electrode surface are used and 
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high sensitivity. 
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SPECIFICATION 

1. Title of the invention 

Ruthenium tetroxide (RUO4) concentration sensor 

2. Patent Claims 

1. An RUO4 concentration sensor in which a crystal (quartz) oscillator having an 
organic membrane electrode surface is used and which detects the concentration of RUO4 in the 
said subject environment. 

2. An RUO4 concentration sensor which has an organic membrane on the electrode 
surface of a crystal (quartz) oscillator which measures weight change resulting from the 
deposition due to the reduction of RUO4 into RuOj, as the change in resonance frequency of the 
said crystal (quartz) oscillator, in order to detect the RUO4 concentration. 

3. RUO4 concentration sensor of Claim 1 or 2, in which the organic membrane is either 
polyethylene or rubber. 

4. A system for detection of RUO4 in aqueous nitric acid solution or in its vapor phase, 
for atomic fuel reprocessing plants, in which the crystal (quartz) oscillator having an organic 
membrane on the electrode surface is used, and the weight change due to the reduction/deposi- 
tion of RUO4 into RuOj is measured as the change of resonance frequency of the said crystal 
(quartz) oscillator, in order to detect the RUO4 concentration. 

5. An RUO4 concentration sensor having two crystal (quartz) oscillators with an 
organic membrane on their electrode surfaces, which measures the concentration of RUO4 in 
the subject environment from the difference in the change in frequencies of two oscillators, by 
placing one oscillator in the environment to be measured and the other oscillator in an 
environment from which the RUO4 is removed. 

6. An RUO4 concentration measuring system composed of a crystal (quartz) oscillator 
having an organic membrane on the electrode surface, a frequency counter and a differential 
calculator unit that calculates the frequency change. 
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3. Detailed explanation of the invention 
Areas of industrial application ; 

This invention relates to a sensor that detects the concentration of RUO4. 
Conventional technology : 

Conventionally, as is discussed in Analytical Chemistry, Volume 33 (1961), pp. 836- 
888 (Anal. Chem., Vol. 33 (1961), pp. 886-888), ruthenium tetroxide (RUO4) in a specimen 
sample is solvent-extracted with carbon tetrachloride (CCI4) for analysis of the RUO4 in the 
solution, and only RUO4 is separated, and, in general, analyzed colorimetrically or induction- 
phase-analyzed (ICP) for quantification. Analysis of RUO4 in the gas phase is very difficult, so 
that a carrier gas such as nitrogen gas is blown into the specimen, the specimen gas is passed 
through CCI4 to trap the RUO4 in the CCI4, which is dien quantified by an induction plasma 
analyzer, etc. However, in this method, RUO4 in the gas phase is expelled from the system, so 
that the gas-liquid equilibrium of the RUO4 in the system is disturbed and more RUO4 can move 
from the liquid phase to the gas phase. Thus, the RUO4 present in the gas phase can be 
overestimated. 

Problem this invention intends to solve : 

The said conventional technology needs a separation operation in which the RUO4 in the 
specimen in both the liquid phase and the gas phase is extracted with CCI4 and also needs to 
analyze colorimetrically or by induction-plasma-analysis the separated RUO4, by setting the 
separated solution into a device. Therefore, the RUO4 cannot be quantified on-site in real time 
and continuous monitoring of the RUO4 concentration is not feasible. Extraction of RUO4 with 
CCI4 is not safe near the ambient temperature because CCI4 decomposes at approximately 80 ^C 
or above, so that the method cannot be applied at ambient temperature, especially at approxi- 
mately 80°C or above. Although induction plasma analysis is most popular for quantification 
after the separation operation, the detection sensitivity of ruthenium is 0.05 mg/L, i.e., even 
induction plasma analysis fails to detect 0.05 mg/L of ruthenium. 
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Means to solve the problem : 

The principle that the resonance frequency change (Af) of the crystal (quartz) oscillator 
is proportional to the weight change of the electrode (Am) may be applicable in the solution of 
the above problem. This relationship is shown below in (1) 

Af = Am .... (1) 

SpKt 

where, S is the electrode area, p is the crystal (quartz) density, K(t7] is the frequency constant 
and f is the resonance frequency. 

Normally, gold or silver is used for the electrode, but here, an organic membrane is 
applied on the electrode surface. When the organic membrane is placed in an Ru04-containing 
environment, RUO4 is reduced by the organic membrane and RUO2 is generated and deposited. 
The rate of this deposition is proportional to the RUO4 concentration. Therefore, a time change 
of Af (differential value) indicates the concentration of RUO4. 

Function ; 

Since RUO4 is a very strong oxidizing agent, it becomes reduced when it contacts the 
oxidizable organic substance and it is converted to stable RuOj. Therefore, the weight of the 
electrode increases with the deposition and the resonance frequency of the crystal (quartz) 
oscillator changes. Since the frequency change (Af) is proportional to the weight change (Am), 
as mentioned above, the time change of Af can tell the amount of RuOj generated, i.e., the 
initial RUO4 concentration. 

Now, the frequency change can be measured by a frequency counter and the difference 
from the resonance frequency and the time change can be calculated by a separate differential 
calculator unit. The frequency change can be measured by one crystal (quartz) oscillator, but 
when two oscillators are used as follows, it can be measured more accurately. That is, one 
oscillator is placed in the Ru04-containing environment to be measured and the other is placed 
in an environment from which RUO4 was removed by the organic membrane, etc. The 
difference between the two oscillators is measured, and then the effect of a substance other 
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than RUO4, for example, contamination due to adsorbed moisture, oxidation of the organic 
membrane on the electrode, or frequency change due to temperature change are compensated 
and the amount of RUO2 deposited on the organic membrane due to reduction of RUO4 only can 
be detected. 

Practical Example : 

A practical example of this invention is explained below with the aid of Figures 1 and 

2. 

Crystal (quartz) oscillator 5, shown in Figure 1, for example, is that of an AT cut, 4.19 
MHz resonance frequency and 1.67 x 10^ cm. The Hz frequency constant is put in an RUO4- 
containing environment and the frequency of crystal (quartz) oscillator 5 is measured by 
frequency counter 7 of the frequency measuring device, as shown in Figure 2. In the figure, 1 
is crystal (quartz), 2 is a silver electrode, 3 is the polyethylene membrane and 4 is the lead 
wire. The RUO4 in the environment is deposited on the polyethylene membrane on the surface 
of crystal (quartz) oscillator 5 as RuOj and the frequency of crystal (quartz) oscillator 5 
changes in proportion to the amount of deposited RuOj. Measurement of such frequency 
change can quantify the amount of RuOj in the environment. In the figure, numeral 6 is the 
oscillation circuit, 7 is the frequency counter. In the case of this crystal (quartz) oscillator, the 
frequency change of 1 Hz corresponds to 1.3 x 10*^*^ g/cm^/Hz of RUO2. Since the molecular 
weight ratio between RUO4 and RuOj is RUO4/RUO2 = 165.07/133.7, the value of the amount 
of obtained RUO2 multiplied by 165.07/133.07 gives the amount of RUO4 in the environment. 
Since the number of moles of the obtained RUO2 and RUO4 in the environment are equal, the 
molar concentration of RUO4 in the environment can be given if the amount of obtained RuOj 
is expressed in molar concentration. 

Figure 3 is an example using two crystal (quartz) oscillators. One oscillator is put in 
the subject environment to be measured and the other oscillator is placed in chamber 1 1 , which 
is covered with the organic membrane. Only RUO4 is removed inside the chamber because 
RUO4 is removed by the organic membrane 10, and the other environmental factors are the 
same as on the outside. When the frequency changes of these two oscillators are measured 
simultaneously, the difference is due to the effect of RUO4 only. When the difference is 
measured by frequency counter 13, then the RUO4 concentration can be determined. 
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Incidentally, in the figure, numeral 9 is an electrode, 12 is an oscillation circuit, 14 is a 
D/A converter, 15 is a recorder, 16 is the supply source and 17 is the measured chamber. 



Effect of the invention : 

RUO4 can be measured accurately on-site with a high sensitivity with the aid of this 
invention. 

4. Brief explanation of the figures 

Figure 1 is a cross-section of a practical example of this invention; Figure 2 is a block 
diagram of this invention and Figure 3 is a block diagram of another practical example of this 
invention. 

1 - crystal (quartz) 

2 - silver electrode 

3 - polyethylene membrane 

4 - lead wire 

5 - crystal (quartz) oscillator 
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Figure 2 
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Figure 3 




